To examine the effect of age on the relationship between body mass index (BMI) and waist circumference (WC), and the usefulness of BMI, WC and waist -hip ratio (WHR) in predicting mortality and cardiovascular risk in the elderly population. DESIGN: Longitudinal observational study of 36 months duration. SUBJECTS AND METHOD: A stratified random sample of 2032 Chinese subjects (990 male, 1033 female) mean age (s.d.) 80.1 (7.5), interviewed and examined at baseline and after 36 months. Deaths and presence of diabetes mellitus and hypertension were documented. A younger data set of 1010 subjects (500 male, 510 female), mean age (s.d.) 45.5 (11.6), was used for comparison of the BMI -WC relationship between younger and older subjects. In predicting outcomes using different values of BMI, WC and WHR, receiver operating characteristic curve analysis was used to derive cut-off values with optimal sensitivity and specificity, and the likelihood ratios for mortality, diabetes and hypertension for different anthropometric values were plotted. RESULTS: The waist circumference values corresponding to BMI values of 25 and 30 kg=m 2 were higher in elderly (92 and 103 cm for men; 88 and 99 cm for women) compared with younger subjects (85 and 97 cm for men; 78 and 88 cm for women). BMI and WC are inversely associated with mortality, in both men and women, positively associated with diabetes in men but not in women. WC was positively associated with hypertension in men and women. WHR was not associated with any outcome measures. The anthropometric measurement at the point of intersection of the likelihood curves for mortality and diabetes may be considered the optimum value, being BMI ¼ 21 kg=m 2 for men and 25 kg=m 2 for women, WC between 80 and 85 cm, and WHR 0.88 -0.90. CONCLUSION: Waist measurement values for predicting health outcomes in elderly people aged 70 y and over are different compared with younger subjects, and have similar predictive accuracy compared with body mass index. Waist -hip ratio is not a useful predictor.
Introduction
The use of simple anthropometric measures as health outcome indicators, suitable for population screening, has aroused much interest. These include body mass index (BMI), waist circumference (WC) and waist -hip ratio (WHR). These measurements have been shown to be related to cardiovascular risk factors or mortality in Caucasian, black, Japanese and Chinese populations in cross-sectional as well as longitudinal studies. 1 -7 The common underlying aetiological factor is abdominal visceral fat, 8 and WC is considered the best indicator which may be used in the community as a screening tool. 1,9 -11 However, the WCvisceral obesity -metabolic risk profile relationship is influenced by age, gender and ethnic differences, such that cutoff values and the predictive power of different indices are likely to be different in different groups. 8,12 -17 Anthropometric indices change with age even in the absence of disease, 18 with the change in body composition. While simple measurements such as WC, height and weight are useful tools for screening in the public health context, the choice of measurement and the cut-off values in predicting mortality or cardiovascular risk in the elderly population are uncertain. In this study, we examined the effect of age on the relationship between BMI and WC, and compared the accuracy of these two anthropometric measurements as well as WHR in predicting mortality and cardiovascular risk in the elderly population.
Subjects and method
The elderly population consists of 2032 Chinese subjects (999 male, 1033 female) aged 70 y and over (mean age 80 y), selected by stratified random sampling from a registered list of all recipients of old age and disability allowances. A survey was carried out on a group of elderly Chinese aged 70 y and over, selected by stratified random sampling from a registered list of all recipients of Old Age and Disability Allowances. The Old Age Allowance list covers more than 90% of the elderly aged 70 y and over, since eligibility is by age alone, independent of income. The remaining 10% of the elderly would be the very rich who may not elect to claim the Allowance. The Disability Allowance list covers those subjects who may be receiving additional social welfare support. Subjects were stratified by age and so that there would be 300 subjects in the 70 -74 and 75 -79 age groups in each sex, and 150 subjects in the 80 -84, 85 -89, 90 þ age groups in each sex. Enough letters were sent to these subjects to recruit the required number in each cell. Approximately 60% of men and women replied accepting the interview.
A questionnaire containing information on medical history was completed by interviewers at the subject's place of residence. Height and weight were measured in indoor clothing without shoes, using a digital standing scale and tape measure attached to the wall. WC was taken as the minimum circumference between the umbilicus and xiphoid process and measured to the nearest 0.5 cm. Hip circumference was measured as the maximum circumference around the buttocks posteriorly and the symphysis pubis anteriorly, and measured to the nearest 0.5 cm. WHR was calculated as the waist divided by the hip circumference. BMI was calculated as the body weight in kg divided by the square of height in metres. Blood pressure was measured using a mercury sphygmomanometer in the seated position. A regression line of WC against BMI was drawn. Perpendicular lines from BMI values of 25 and 30 kg=m 2 intercepting the regression line were drawn. Horizontal lines from these intercept points were drawn to the y-axis, to given corresponding WC measurements.
To examine the influence of age on this relationship, measurements from a younger data set of 1010 subjects (500 male, 510 female) were used to construct a similar graph, to determine the WC corresponding to BMI values of 25 and 30 kg=m 2 . These subjects were part of a random population sample participating in a community dietary survey in 1995. 19 To compare the accuracy and to determine the cut-off values of BMI and WC in predicting mortality and cardiovascular risk in the elderly population, the elderly cohort was followed up for 3 y. At the end of this period, subjects were re-interviewed, and a reported diagnosis (by a doctor) of diabetes mellitus or hypertension was noted. Blood pressure was also measured. Hypertension was defined as a reported diagnosis of hypertension or a reading of SBP > 140 or DBP > 90 mmHg. All deaths were also documented, from information from the relatives or from a search of the death registry. In all, 519 subjects had died at the end of 3 y, and 343 were lost to follow-up, leaving 1170 subjects for re-interview (558 men, 612 women). Among men, the number of deaths due to cancer and cardiovascular diseases was 21 and 25.3%, respectively, and for women, 17.9 and 29.5%, respectively.
Statistical analysis
Statistical analysis was performed using SAS version 8.1 (SAS Institute Inc., Cary, NC, USA) ANOVA was used to examine differences in mean values, and chi-square test the difference in mortality, and presence of hypertension and diabetes. Multiple stepwise logistic regression was used to examine the relationship between BMI and WC, and three outcome measures: mortality at 36 months, the presence of hypertension and diabetes mellitus. Receiver operating characteristic curve (ROC) analysis was used to derive cut-off values with optimal sensitivity and specificity for each of the three anthropometric measures in predicting outcomes in men and women separately. The likelihood ratio (LR) of death at 36 months, having hypertension or diabetes was calculated, across a range of each anthropometric measurements by dividing sensitivity by (1 7 specificity).
Results
The regression lines showing the relationship between WC and BMI are shown in Figure 1a (men) and b (women). The WC corresponding to BMI values of 25 and 30 kg=m 2 were 85 and 97 cm in men and 78 and 88 cm in women, for the younger population. By contrast, in the elderly population, the WC was higher compared with the younger population, being 92 and 103 cm for men and 88 and 99 cm for women. Table 1 shows the baseline characteristics of the elderly cohort and the 36 months outcome. Women had higher BMI but lower WHR compared with men, but there was no statistical difference in waist or hip circumference. The association between each of the three anthropometric indices and 36 month mortality, presence of hypertension and diabetes, is shown in Tables 2 and 3 . For men and women, both BMI and WC were inversely associated with mortality and, for men only, positively associated with diabetes. No significant association with WHR was observed. For both men and women, a positive association between WC and hypertension was also noted. No association was noted between WHR and any of the outcome variables. If only subjects with stable weight were included, the relationUsefulness of waist circumference in the elderly J Woo et al ship between anthropometric indices and outcome remained the same for women; among men, the only significant relationship was between BMI and mortality. The optimal cut-off values for prediction of mortality, hypertension and diabetes are shown in Table 4 . For men, WC and WHR cut-off values for hypertension had low optimal sensitivity. For women, cut-off values for WHR either had low optimal sensitively or specificity, while cut-off values for BMI for hypertension and diabetes were also poor. Figures 1 -3 show the likelihood ratio for mortality at 36 months or the presence of hypertension and diabetes for various anthropometric measures.
The predominant pattern was an increase in mortality with lower BMI, WC and WHR values. For BMI, the curve for mortality started to rise with values below 23 kg=m 2 for both men and women. This inverse trend was also observed for WC and WHR, although the values show gender differences, waist being higher in women and WHR being lower, compared with men. The presence of hypertension showed little relationship to any of the anthropometric indices. The likelihood of having diabetes showed a gradual increase with increasing BMI in both men and women, with increasing WC and WHR in men only. For both men and women, the BMI value where the mortality and diabetes curve cross over may be considered the optimum BMI, ie 21 kg=m 2 for men and 25 kg=m 2 for women. Similarly for men, the optimum WC would be between 80 and 85 cm, and WHR 0.88 -0.90. When the ROC cut-off values were compared with a younger population 13 (mean age 37.5 y), WC and WHR values tended to be higher in the elderly population, while BMI values were lower (Table 5 ). However, the optimal sensitivity and specificity for these cut-off values were higher in the younger population than this in this older population.
Discussion
In elderly populations, while the development of cardiovascular disease remains an important health outcome, mortality is also important. The use of WC as a screening measure for cardiovascular risk has been advocated in Chinese, 7, 20 Japanese, 6, 21 as well as Caucasian populations. 9,10 WC, waist -height and WHR have been used. Waist and hip circumferences have been shown to measure different aspects of body composition and fat distribution and have independent and opposite effects on cardiovascular risk Figure 1 Relationship between waist circumference and body mass index in subjects aged 70 y and over, and younger subjects. Usefulness of waist circumference in the elderly J Woo et al factors. 22 Few surveys have examined these relationships in the elderly. A survey of 41 837 American women aged 55 -69 y followed up for 5 y showed a J-shape relationship between BMI and mortality, while WHR showed a steady positive relationship with mortality, suggesting that WHR is a better marker than BMI of risk of death in older American women. 17 In our study, consisting of a much older population, the relationship between BMI and WC and mortality was inverse, while no relationship was observed between WHR and mortality. As weight is a dynamic variable, weight loss in an elderly population may be indicative of underlying disease. In this cohort, even in the absence of disease, three times as many subjects lost 5 kg in weight as gained 5 kg (15 vs 5%). 23 The suggested waist cut-off values in elderly subject from the Rotterdam study 14 were found to be of limited usefulness in predicting BMI values of 25 and 30 kg=m 2 . Our observation that the WC of elderly subjects corresponding to these two BMI values are higher compared with younger subjects is compatible with this finding. A study in American women aged 70 -79 y showed that WC may be a better indicator of total body fat rather than visceral fat. 24 Since cardiovascular risk is related to visceral fat mass, the use of anthropometric indices may not be expected to give good prediction of risk in those aged 70 y and above. The lack of cut-off values with good sensitivity and specificity in predicting hypertension and diabetes in the elderly population, in contrast to the finding in the younger population, would support this view.
Ethnic difference in body composition exists, such that anthropometric cut-off values for cardiovascular risks are likely to be different. A study of 5153 Chinese subjects aged 18 -90 y (median age 50.7 y) examining BMI values corresponding to different centiles of body fat (measured by impedance) concluded that overweight should be defined as 23 rather than 25 kg=m 2 , and obesity 26 kg=m 2 rather than 30 kg=m 2 . 12 Thus anthropometric values obtained in this study could serve as indicators for risk of mortality in Usefulness of waist circumference in the elderly J Woo et al Figure 2 Likelihood ratio for mortality at 36 months or to have hypertension or diabetes for various BMI cut-off values. Usefulness of waist circumference in the elderly J Woo et al elderly Chinese populations. However, the use of WC and WHR as screening measurements for cardiovascular risk factors such as hypertension and diabetes appears to be of limited use, in contrast to the middle-aged population. Waist=height ratio has been described to be a better indicator of cardiovascular risk in Caucasians. 10 In a previous study in middle aged Hong Kong Chinese, 13 this ratio was not superior to WC alone, and therefore we did not examine the relationship of this ratio with cardiovascular risk factors. In contrast to middle-aged populations, the relationship between visceral fat and cardiovascular risk factors in the old-old population may be affected by other factors. For example, salt intake may be higher in the elderly population as a result of reduced taste perception, 25 and assume a more important role in hypertension compared with middle-aged subjects. Also the relationship may be distorted by survivor effect, in that more subjects with hypertension or diabetes may have died during the follow-up period than those without these diseases. If subjects with diabetes and hypertension at baseline were excluded, among the 1171 subjects alive at 36 months, 838 subjects would be excluded from analyses, leaving 333 subjects (169 men, 164 women). This number would have been too small for the examination of cut-off values. Nevertheless, if the association between these three anthropometric indices at baseline and hypertension at 36 months was examined by logistic regression in these subjects, no significant association was present between any of these indices and hypertension in women. In men, a positive association with WC (OR 1.05, 95% CI 1.01 -1.08, P ¼ 0.011), and with WHR (OR 458.9, 95% 2.33 -90344.8, P ¼ 0.023) was observed, although the 95%CI for WHR is extremely wide.
There are some limitations to this study. There may have been a selection bias of the study subjects since recruitment covered those on the disability allowance, and there may have been over-representation of subjects with debilitating diseases. The presence or absence of hypertension and diabetes was not confirmed by physicians' examination, but relied on self-report of doctor's diagnosis. There is some evidence that self-report for some conditions may be as valid as doctor's diagnosis in population-based studies. 26 For the diagnosis of hypertension, diagnostic accuracy is improved by blood pressure measurement. However, for diabetes, without blood glucose measurement, approximately up to 50% may have been undetected. 27 Therefore it is possible that the association between diabetes and the three anthropometric indices would have been stronger. This is supported by the increasing likelihood ratio with increasing BMI in both men and women, in spite of statistical significance not being reached. A similar pattern for WC and WHR was observed for men. Since this pattern was not present in women, it is likely that, even if diabetes was diagnosed using blood glucose measurements, waist and WHR are probably not useful predictors in women. In a similar way, associations between anthropometric measurements at baseline and 36 month outcomes may have been Figure 4 Likelihood ratio for mortality at 36 months or to have hypertension or diabetes for various waist -hip ratio cut-off values.
Usefulness of waist circumference in the elderly J Woo et al affected by the number of subjects lost to follow-up. A comparison of characteristics between those lost to followup and the study subjects showed that these subjects had a higher mean age, but no difference in frequency of hypertension and diabetes at baseline. The association between anthropometric measures and mortality would be likely to be accentuated by the inclusion of these subjects, since they were older. Blood specimens were not collected as part of the survey, and therefore the relationship between anthropometric indices and lipid abnormalities could not be examined, as in the previous study of younger subjects. 13 In spite of these limitations, we can conclude that, while WC may be a useful indication of visceral obesity and therefore predictor of cardiovascular risk in middle age subjects, the relationship may not apply to old-old subjects (mean age 80 y). In this group, the waist measurements corresponding to overweight and obese BMI values were higher compared with middle-aged subjects, and offered no advantage to BMI in cardiovascular risk prediction, while WHR measurement was not a useful screening tool for the detection of cardiovascular risks. The positive association between WC and WHR, and diabetes in men appears to be a continuous one, analogous to the health risks associated with HbA 1 c values. 28 A BMI value of 21 kg=m 2 for men and 25 kg=m 2 for women may be considered as optimum values from the perspectives of minimal mortality and reduced risk of developing diabetes.
